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Improvement of transdermal delivery of sumatriptan succinate using novel water
emulsion patch or self-dissolving microneedle array, and their in vitro and in vivo
% L G X M B characterizations
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Sumatriptan succinate (SS), a selective serotonin 5-hydroxytryptamine (5-HT) agonist at the 5-HTg and 5-HTp
receptors, is the most frequently prescribed migraine therapy among a class of drugs known collectively as the triptans.
SS has been commercialized for administration by oral, nasal spray and subcutaneous injection. Unfortunately, these
formulations are associated with variety of limitations that can lead to patients’ delay or avoid treatment. For example,
the difficulty in taking an oral medication due to the nausea and vomiting that often accompany migraine, and the low
bioavailability of oral and nasal spray (15% and 17%, respectively), as well as the skin site reactions and the reluctance
of self-injection associated with subcutaneous injection. Therefore, in order to suppress those limitations while sustaining
the therapeutic efficacy of SS, an alternative more effective SS delivery method is necessary for anti-migraine
therapeutics. Transdermal drug delivery allows the permeation of drugs across the skin and enters into the systemic
circulation, thus avoiding degradation by the gastrointestinal tract and hepatic first-pass metabolism. This delivery
system is considered to be user-friendly, and is convenient administration. However, its application is limited to only a
few hydrophobic low molecular compounds because of the outermaost skin barrier layer, stratum corneum. In particular,
SS has high hydrophilicity (log Py74 =—0.86) and it is difficult to pass through the skin barrier.

Based on these observations, in this study, | attempted to investigate two types of methodologies to improve the
transdermal delivery of SS, including SS-incorporated passive patch and SS-loaded microneedle array (MN). An acrylic
polymer emulsion, pressure sensitive adhesive Nikasol was chosen to prepare the SS-incorporated patch, and compared
with a hydrophilic acrylic adhesive HGA. On the other hand, a novel self-dissolving MN was fabricated by employing
sodium hyaluronate as the basic material. Various parameters such as needle lengths, thickness, and density as well as
penetration enhancers were evaluated to enhance in vitro skin permeation of SS from MNSs. Furthermore, the in vivo
efficacy of the SS-loaded MNss for transdermal delivery of SS was characterized.




1. Development of a transdermal water emulsion patch system incorporating SS

Two types of transdermal patches containing SS were prepared, using either water emulsion resin Nikasol (SS
Nikasol patch) or hydrophilic acrylic adhesive HGA (SS HGA patch). The contents of SS in both formulations were
20% (w/w). The thickness of all patches used ranged from 40 to 45 um. In vitro permeated studies showed that the
permeability of SS from the Nikasol patch was greater than that of the HGA patch, making it an excellent candidate for
the development of SS transdermal patches. It was also found that SS permeation from the Nikasol patch was lower in
humans, as compared to rats. An increase in transepidermal water loss was observed after application of both types of
patches, however, this parameter gradually recovered to baseline, suggesting that the skin barrier disruption was
reversible. No visible irritation appeared after application of the transdermal patches to rat skin during the experimental
period. Furthermore, in vivo pharmacokinetic studies indicated that the absorption of SS from Nikasol patch was
significantly higher than that of the HGA patch, which was well consistent with the in vitro skin permeation results. In
addition, SS was effectively absorbed from Nikasol patch through the skin and associated with relatively greater absolute
bioavailability than that of oral administration, achieving a consistent plasma concentration over an extended period of
time. These findings demonstrated that the novel patch system fabricated from emulsion Nikasol was a useful and
promising alternative method to improve transdermal delivery of SS without any serious skin damage.

2. Development of a novel self-dissolving MN loaded with SS

SS-loaded MNs with different needle length, thickness, density and penetration enhancers were fabricated from
sodium hyaluronate. All the needles were tapered cone-shaped in a circular array with a diameter of 10 mm. MNs with
the length of 800 um could effectively improve the transdermal permeability of SS compared with that of 500 pm. No
distinct enhancement was obtained by increasing the thickness of MNs or by adding penetration enhancers in the
prescription of MNs. Further, skin permeability of SS could significantly improve after increasing needle numbers.
Therefore, high density MNs with needle length of 800 wum were chosen for the subsequent studies.

The resulting SS-loaded MNs possessed sufficient mechanical strength to successfully puncture the skin barrier and
maintained their skin piercing abilities for at least 30 min after being placed at a high relative humidity of 75%. Optical
coherence tomography images demonstrated that the MNs uniformly created drug permeation pathways after being
inserted into the skin. Almost all of the formulated SS was released from the MNSs at a relatively constant rate within 1 h
via an in vitro release study. It was also noted that needles began to dissolve upon application onto rat skin in vivo and
were completely dissolved within 1 h. These findings suggested that the novel MNs had biocompatible properties and
SS appeared to be rapidly released from these MNs. Moreover, MNSs significantly increased transepidermal water loss;
however, skin barrier function gradually recovered to control levels within 24 h, in contrast to the skin damage observed
after tape stripping treatment. These findings indicated that the micro-scale pathways created by the microneedles
quickly resealed, and that the skin damage was reversible, which were highly consistent with the rapidly recovery of
micropores created by insertion of blue dye contained MNSs into rat skin. Furthermore, a dose-dependent plasma
concentration of SS was obtained after treatment with SS-loaded MNS in rats. Pharmacokinetic characteristics indicated
that absorption of SS delivered by MNs was similar to that observed after subcutaneous injection and was associated
with high bioavailability (~90%), which was much higher than that produced by oral administration. These findings
suggested that application of SS-loaded MNs to the skin provided an effective alternative approach to enhance the
transdermal delivery of SS without serious skin damage, while avoiding the pain caused by usage of hypodermic
needles.



In conclusion, the present findings indicated that both the water emulsion patch choosing Nikasol as an adhesive
and the self-dissolving MN fabricated from sodium hyaluronate were useful and promising alternative approaches to
improve transdermal delivery of SS without serious skin damage. Further, the novel MN seems to be a much more
effective method in clinical application due to the reasonable administration size and rapid onset of action, would be
likely to improve patient compliance.
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